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CONTRAST TO NOISE RATIO (CNR)
ENHANCER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a national filing of PCT application
Serial No. PCT/IB2011/055122, filed Nov. 16, 2011, pub-
lished as WO 2012/073140 A1l on Jun. 7, 2012, which claims
the benefit of U.S. provisional application Ser. No. 61/418,
422 filed Dec. 1, 2010, which is incorporated herein by ref-
erence.

FIELD OF THE INVENTION

The following generally relates to imaging and more par-
ticularly to enhancing the contrast to noise ratio (CNR) of an
image and is described with particular application to com-
puted tomography (CT); however, the following is also ame-
nable to other imaging modalities such as positron emission
tomography (PET), single photon-emission tomography
(SPECT), magnetic resonance imaging (MRI), x-ray radiol-
ogy, and/or other imaging modalities.

BACKGROUND OF THE INVENTION

A computed tomography (CT) scanner includes an x-ray
tube that emits radiation that traverses an examination region
and a portion of an object or subject therein. A detector detects
radiation traversing the examination region and generates
projection data indicative of the detected radiation. A recon-
structor reconstructs the projection data and generates volu-
metric image data indicative of the portion of the object or
subject in the examination region.

Contrast media (e.g., iodinated agents) has been adminis-
tered prior to scanning (a contrast enhanced scan) to improve
tissue visualization during routine diagnostic imaging studies
by CT, angiography, fluoroscopy, MRI and many other imag-
ing modalities, interventional clinical procedures, therapeu-
tic procedures such as percutaneous transluminal coronary
angioplasty (PTCA), etc., and/or imaging procedures. The
literature has indicated tens of millions of radiologic exami-
nations using iodinate contrast media are performed each
year.

Generally, a large volume of contrast media results in
higher contrast to noise ratio (CNR) images, while a lower
volume of the contrast media leads to lower CNR images.
Unfortunately, as the contrast media volume increases, so
does its associated risks. By way of example, after parenteral
administration of a contrast media, many patients experience
idiosyncratic effects, such as warmth, nausea, itching and
other types of effects. Certain patients may experience severe
and potentially life-threatening allergic reactions to contrast
media. Contrast media may also induce kidney damage (con-
trast Induced Nephropathy (CIN)) as some patients may
develop an acute deterioration of their kidney function due to
the fact that iodinated contrast media is cleared via the kid-
neys.

As the amount of contrast media delivered to a patient is a
concern, a set of technological enablers have been developed
to reduce contrast media usage. Examples of such enablers
include electronically controlled injection devices, high rate
chaser saline, faster rotation time, wider coverage area, bolus
tracking software and the use of low kV protocols. Further-
more, non-ionic and low osmolar agents have been devel-
oped, which are better tolerated by patients with regard to
idiosyncratic effects, but generally are more expensive. How-
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ever, there is an unresolved need for novel and non-obvious
approaches that facilitate reducing the amount of contrast
media utilized for scanning patients while providing diagnos-
tic quality images.

SUMMARY OF THE INVENTION

Aspects of the present application address the above-ref-
erenced matters and others.

According to one aspect, a method includes enhancing a
contrast to noise ratio (CNR) of image data, generating CNR
enhanced image data, wherein the CNR enhanced image data
has a substantially same image quality as the image data.

According to another aspect, a computing system includes
a computer readable storage medium encoded with computer
readable instructions for enhancing a contrast to noise ratio
(CNR) of image data and one or more processors, which,
when executing the computer readable instructions, causes
the computing system to enhance the CNR of'the image data.

According to another aspect, a method includes generating
CNR enhanced image data, wherein CNR enhanced image
data has a substantially same noise level, noise power spec-
trum, and spatial resolution of the image data.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take form in various components and
arrangements of components, and in various steps and
arrangements of steps. The drawings are only for purposes of
illustrating the preferred embodiments and are not to be con-
strued as limiting the invention.

FIG. 1 illustrates an imaging system in connection with an
image data contrast to noise ratio (CNR) enhancer.

FIG. 2 shows an example of the CNR enhancer.

FIG. 3 shows another example of the CNR enhancer.

FIG. 4 illustrates a method for enhancing CNR in image
data.

FIG. 5 illustrates another method for enhancing CNR in
image data.

DETAILED DESCRIPTION OF EMBODIMENTS

The following relates to facilitating reducing the amount of
contrast media utilized for a given contrast enhanced imaging
procedure, while preserving image quality to be as close as
possible to a corresponding full contrast media volume scan.
The imaging procedure can be any imaging procedure in
which contrast media is utilized such an imaging performed
with an imaging modality such as computed tomography
(CT), positron emission tomography (PET), single photon
emission tomography (SPECT), magnetic resonance imaging
(MRI), x-ray radiography, and/or other imaging modalities.
However, for sake of brevity and explanatory purposes, the
following is discussed in connection with a CT scanner.

FIG. 1 illustrates an imaging system such as a computed
tomography (CT) scanner 100.

The scanner 100 includes a stationary gantry 102 and a
rotating gantry 104, which is rotatably supported by the sta-
tionary gantry 102. The rotating gantry 104 rotates around an
examination region 106 about a longitudinal or z-axis. A
patient support 108, such as a couch, supports a patient in the
examination region 106 and is movable along the z-axis in
coordination with the rotation of the rotating gantry 104 to
facilitate helical, axial, or other desired scanning trajectories.

A radiation source 110, such as an x-ray tube, is supported
by and rotates with the rotating gantry 104 around the exami-
nation region 106. The radiation source 110 emits radiation
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that is collimated by a source collimator to produce a gener-
ally fan, wedge, or cone shaped radiation beam that traverses
the examination region 106. A radiation sensitive detector
array 112 detects radiation that traverses the examination
region 106 and generates projection data indicative of the
detected radiation.

A reconstructor 114 reconstructs the projection data and
generates volumetric image data indicative of the examina-
tion region 106. A general purpose computing system serves
as an operator console 116, and includes an output device
such as a display and an input device such as a keyboard,
mouse, and/or the like. Software resident on the console 116
allows the operator to control the operation of the system 100,
for example, allowing the operator to initiate scanning, etc.

A computing system 118 such as a workstation, a com-
puter, or the like is configured to process the image data. The
computing system 118 includes one or more processors 120
and computer readable storage medium 122 (e.g., physical
memory) encoded or embedded with computer readable
instructions (e.g., software programs), which, when executed
by the one or more processors 120 cause the computing
system 118 to carry out various functions. The storage
medium 122 also stores data 124.

Such instructions include instructions for implementing a
contrast to noise ratio (CNR) enhancer 126. As described in
greater detail below, the CNR enhancer 126, when executed
by the processor(s) 120, enhances the CNR of image data
such as image data generated by the reconstructor 114 or
otherwise. Such enhancement allows for a reduction in the
volume of contrast media administered to a patient for an
imaging procedure (e.g., 80%), while achieving the image
quality that would have been maintained with the prescribed
volume of contrast media without employing the CNR
enhancer 126.

In one embodiment, the instructions invoke visual presen-
tation of an interactive graphical user interface (GUI) with
which a clinician can interact with to, among other things,
specify areduction amount of the contrast media for a specific
scan, wherein the CNR enhancer 126 compensates for the
specified reduction. The GUI can also be utilized as a tool for
structure enhancement and/or image probing. In this instance,
the clinician can tweak the one or more parameters to probe
the images and/or to obtain the required and/or desired visu-
alization results.

Additionally or alternatively, the CNR enhancer 126 can be
used to enhance CNR for imaging procedures in which the
contrast media injection timing was missed, which may miti-
gate having to administer another volume of contrast media
and/or perform another scan. Additionally or alternatively,
the CNR enhancer 126 can be used to enhance CNR while
preserving a noise level and/or a noise power spectrum (NPS)
for studies involving soft tissue differentiating, brain gray-
white matter differentiation, and/or other low contrast struc-
ture differentiation.

One or more communication ports 128 are configured for
communication with one or more input devices (e.g., a key-
board, a mouse, and the like), one or more output devices
(e.g., adisplay, a printer, etc.), one or more apparatuses (e.g.,
a computing system, portable storage, etc.), one or more data
repositories, the system 100 (e.g., the console 116 and/or the
reconstructor 114), etc. A graphics controller 130 processes
data for presentation on a monitor, such as a display 132, in a
human readable format.

Although the storage medium 122 is showed as a single
component, itis to be understood that the storage medium 122
may include a plurality of storage units, including storage
local to the computing system 118 and/or storage external
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from the computing system 118. Likewise, the processors 120
may be distributed across different computing systems. Fur-
thermore, the computing system 118 may be part of the con-
sole 116, or vice versa, or located remote from the system
100. Moreover, the one or more processors 120 may addition-
ally or alternatively execute instructions carried by transitory
medium such as a signal or wave carrier.

FIG. 2 illustrates an example of the CNR enhancer 126,
which processes image data and generates CNR enhanced
image data.

The CNR enhancer 126 includes a low contrast image
estimator 202, which has high sensitivity to low contrast
structures and preserves very accurately low contrast struc-
tures, preserving the Hounsfield Unit (HU)/intensity values
of low contrast regions. The illustrated low contrast image
estimator 202 includes a noise estimator 204, a local structure
estimator 206, a low contrast approximator 208, and a sub-
tractor 210.

The noise estimator 204 evaluates the image data and deter-
mines an estimate of a noise pattern (e.g., a noise model) in
the image data. Various known approaches can be used to
estimate the noise pattern. Examples of suitable approaches
include a Monte Carlo estimate, an analytical estimate, an
image based estimate, and/or other approach.

The local structure estimator 206 estimates local structure
having improved CNR, for example, by differentiating
between the noise layer and the underlying study structures
based on the determined noise pattern. Various known
approaches can be used to estimate local structure. Examples
of suitable approaches include bilateral filtering, diffusion
filtering, total variation de-noising, mean shift filter, and/or
other approach.

Note that the above-listed approaches are good for noise
removal and have the capability to improve significantly the
local CNRs, but they do not have high sensitivity and high
capability to preserve the intensity values of low contrast
regions, especially in the presence of high noise.

The low contrast approximator 208 generates a piece-wise
smoothed (PWS) approximation. In one non-limiting
instance, this is done over the original image data using the
local structures estimated by the local structure estimator 206
and the noise model estimated by the noise estimator 204. The
estimated local structure is very well defined and has
improved CNR. In addition, since this is performed over the
original image data, the intensity values of low contrast
regions are preserved very accurately.

An optional variant is to generate a new noise model, in
alternative to the noise model estimated by the noise estima-
tor 204. The new noise model is estimated based on the local
structure estimate estimated by the local structure estimator
206.

Various known approaches can be used to generate the
PWS approximation. Examples of suitable approaches
include approaches mean shift filtering, bilateral filtering,
diffusion filter, and/or other approach that can generate the
PWS approximation based on input local structure estimate
and a local noise model.

With the mean shift algorithm, the kernel is set by a band-
width parameter and distances between the current pixel
value and its neighborhood. The local bandwidth parameter
defines the sensitivity of the algorithm to the signal level and
can be set as function of the local noise level.
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The distances between the processed pixel properties and
the neighborhood defines the spatial relation between the
pixels, i.e., defines the local structure. In this example, these
distances are set according to the distances in the local struc-
ture estimate with the enhanced local CNR, and are used to
generate the PWS approximation.

In an optional variant, the PWS approximation is deter-
mined using an iterative algorithm in which the output of each
iteration is used to refine the noise model and the local struc-
ture estimate, which may lead to a more accurate PWS
approximation.

The output of the low contrast image estimator 202 is the
PWS approximation and a complement PWS part of the
image data, which is determined based on the input image
data and the PWS approximation, for example, by subtracting
the PWS approximation from the input image data, via the
subtractor 210. The complementary PWS part includes
mostly noise, artifacts and/or small-scale repeated details.

The mask determiner 212 determines a mask based on the
image data. In this example, the mask determiner 212 iden-
tifies and segments bone structure in the image data, and the
segmented bone is utilized to produce a bone mask over the
entire or a predetermined portion of entire study. Various
known approaches can be used to segment the bone structure.
Examples of suitable approaches include morphological,
atlas based, model based, and/or other approaches.

A contrast media map estimator 214 estimates a contrast
media (CM) map (CM,,,,,,,) based on the bone mask and the
PWS approximation. The CM map generally is a map in HU
unit that presents the changes in HU due to the presence of
CM. In this example, the CM map is approximated based on
a comparison of the PWS approximation values with a refer-
ence value that represents a typical soft tissue value in the
image data.

The narrow dynamic range of soft tissue facilitates the
estimate and guarantees a relatively low estimate error. In
addition, the bone mask is utilized to prevent a fault estimate
of contrast media within bone regions.

A contrast media map enhancer 216 enhances the contrast
media regions of the map to compensate for any reduced
contrast media volume. In this example, the contrast media
enhancer 216, based on the linear relationship between con-
trast media concentration and the HU in the image data,
compensate the contrast media regions based on EQUATION
1:

CM,

map

wherein CM,,,,," represents the enhancement contrast media
map (i.e., the amount of enhancement for each pixel) and o

represents an enhancement multiplier parameter.

*=(a-1)CM EQUATION 1

-map?

Generally, the parameter o is determined as the reciprocal
of the amount of contrast media reduction. By way of
example, where the volume of contrast media is reduce 50%,
the parameter o is set to two (2) (i.e., 1/0.5). Using this
setting, the CNR will be very similar to a corresponding full
contrast media volume study.

In an optional variant, the contrast media map enhancer
216 has the capability to restrict the amount of enhancement.
This restriction capability allows to improve the robustness in
different scenarios such as an erroneous setting for the param-
eter a, restriction of calcification partial volume eftect (PVE)
enhancement, cases of applying the algorithm on full contrast
media volume studies, etc.
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For this variant, the contrast media enhancer 216 compen-
sates the contrast media regions based on EQUATION 2:

cM* EQUATION 2

map =

(@ = 1)CM g, CMyap <
CM gy > w and
a— Dw— B(CM 0, — ), a-1
¢ ) A v ) CM gy < w(l + _ﬁ )

wherein w represents the range width of the enhancement and
[ represents the decreasing enhancement rate that is applied
above the enhancement range width . Note that for

CMypey = (1+0‘_1)
MG} = W) -5 |
v B

no enhancement is performed.

As an alternative to the above parameter w, an upper HU
threshold for enhancement can be used. The upper threshold
can be either set over the image data and/or over the enhanced
image data. In either case, the parameter m can be derived
from these upper thresholds and employed with EQUATION
2.

As the CT systems have a limited spatial resolution, the
algorithm has also an additional optional capability to simu-
late a PVE over the enhanced regions. The PVE can be simu-
lated by applying a low pass filter over the enhanced contrast
media map CM,,,,.,*.

As briefly described above, the CNR enhancer 126 can be
utilized with an interactive GUI for structure enhancement
and image probing. A user can use the interactive GUI to
tweak one or more of the above enhancement parameters (i.e.,
a, p and/or w/upper thresholds) to probe the images and/or to
obtain a best or desired enhancement. The manual parameter
tweaking can be done using the mouse, keyboard or any other
user interface device.

A PWS enhancer 218 generates an enhanced PWS
approximation based on the enhanced contrast media map
CM,,,,,"- By way of example, in the illustrated embodiment,
the PWS enhancer 218 sums or adds the enhanced contrast
media map CM,,,,," to the PWS approximation.

An image data enhancer 220 generates the CNR enhanced
image data. In this example, the image data enhancer 220
generates the CNR enhanced image data by summing or
adding the complementary PWS part ofthe image data (deter-
mined via the subtractor 210) and the enhanced PWS
approximation (determined by the PWS enhancer 218).

Note that since the enhancement is done over the PWS
approximation, the enhancement does not increase the noise
of the image data and does not change the noise power spec-
trum (NPS) or the spatial resolution. As such, the enhanced
image data has the same image quality (i.e., noise, NPS, and
resolution) as of the input image data. In general, as the noise
level is preserved while the contrast is enhanced, the algo-
rithm improves the CNR of the image data.

FIG. 3 illustrates an alternate embodiment in which the
bone masking and the upper threshold bound can be obtained
by an approach that utilizes the low concentration of iodine
and separates it from calcium. For this example, the PWS
approximation and the complementary PWS part can be
determined via the low contrast image estimator 202 as
described in connection with FIG. 2 above.



US 9,159,124 B2

7

A contrast media pixel value decreaser 302 decreases the
contrast media pixels values in the PWS approximation
towards a predetermined reference soft tissue value with
minimal change to the bone and calcium values. In the illus-
trated embodiment, the contrast media pixel value decreaser
302 employs an iterative approach. In one instance, the itera-
tive approach is based on EQUATION 3:

EQUATION 3

wherein K and dt are predefined parameters.

The termination condition can be determined by the difter-
ence between to subsequent iterations, satisfying a predefined
threshold, and/or other termination criteria. A user can
employ the interactive GUI to optimize the parameters by
marking a region of interest (ROI) on the image data.

A non-contrast image estimator 304 estimates non-con-
trast image data based on the complementary PWS data and
the decreased contrast media PWS approximation. In the
illustrated example, the non-contrast image estimator 304
estimates the non-contrast image data by summing or adding
the complementary PWS data and the decreased contrast
media PWS approximation.

A contrast media map determiner 306 determines a con-
trast media map based on the input image data and the esti-
mated non-contrast image data. In the illustrated example, the
contrast media map determiner 306 determines the contrast
media map by subtracting the estimated non-contrast image
data from the input image data. This estimation is based on the
fact that the soft tissue has a narrow range of the CT values,
and, thus, the error of the estimation hardly affects the image
data.

A visual error determiner 308 determines a visual error
based on the contrast media map and various parameters such
as an estimation error, an amplification, a window width,
and/or other parameter(s), which can be and/or modified via
the interactive GUI by a user. In the illustrated embodiment,
the visual error (E ;,,,.,) determiner 308 determines the visual
error based on EQUATION 4.

1 N EQUATION 4
75 | 2 9 = T om0

xeX

Evisuat = (@-1),

w

wherein Iye,l, .. conmas: eSpectively are the real and esti-
mated non-contrast images, o represents the contrast media
amplification factor, w represents the window width, and X
represents the set of estimated pixels. In general, a typical
error is generally smaller than 5%.

The image data enhancer 220 (FIG. 2) generates the CNR
enhanced image data based on the input image data and the
visualization error (Ey;,,.,). In the illustrated example, the
image data enhancer 220 generates the CNR enhanced image
data by summing or adding the input image data and the
visualization error (E;,,,.0)-

FIG. 4 illustrates an example method for increasing the
contrast to noise ratio of image data.

At 402, a piece wise (PWS) approximation is generated
based on the image data. As described herein, this may be
achieved through estimating a noise model based on the
image data, determining a local structure estimate based on
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the noise model, and determining the PWS approximation
based on the local structure estimate and optional a new noise
model generated bases on the local structure estimate.

At 404, data complementary to the piece wise (PWS)
approximation is generated. As described herein, this can be
achieved by subtracting the PWS approximation from the
image data.

At 406, a bone mask is generated based on the image data.
As described herein, this can be achieved via segmenting
bone structure from the image data.

At 408, a contrast media map is estimated based on the
PWS approximation and the bone mask. As described herein,
this can be achieved through a comparison of the PWS
approximation to a reference value that represents a typical
soft tissue value in the image data, wherein the bone mask is
utilized to prevent a fault estimate of contrast media within
bone regions.

At 410, an enhanced contrast media map is estimated based
on the contrast media map and various configurable param-
eters. As described herein, examples of such parameters
include an enhancement multiplier parameter (ct), a range
width of the enhancement parameter (w), and a decreasing
enhancement parameter (f3).

At 412, CNR enhanced image data is generated based on
complement PWS data and the enhanced contrast media map.
As described herein, this can be achieved through summing or
adding the complement PWS data and the enhanced contrast
media map.

It is to be appreciated that the ordering of the above acts is
not limiting. As such, other orderings are contemplated
herein. In addition, one or more acts may be omitted and/or
one or more additional acts may be included.

FIG. 5 illustrates an example method for increasing the
contrast to noise ratio of image data.

At 502, a piece wise (PWS) approximation is generated
based on the image data. As described herein, the may be
achieved through estimating a noise model based on the
image data, determining a local structure estimate based on
the noise model, and determining the PWS approximation
based on the local structure estimate and optional a new noise
model generated bases on the local structure estimate.

At 504, data complementary to the piece wise (PWS)
approximation is generated. As described herein, this can be
achieved by subtracting the PWS approximation from the
image data.

At 506, contrast media pixel values are decreased toward a
reference soft tissue value with minimal change to bone and
calcium values. As described herein, this can be achieved
through an iterative process using various stopping criteria.

At 508, non-contrast image data is estimated based on the
complementary PWS data and the decreased contrast media
pixel data. As described herein, this can be achieved through
summing or adding the complementary PWS data and the
decreased contrast media pixel data.

At 510, a contrast media map is estimated based on the
estimated non-contrast image data and the original image
data. As described herein, this can be achieved by subtracting
the estimated non-contrast image data from the original
image data.

At 512, a visual error is generated based on the contrast
media map and various parameters. Examples of such param-
eters include the contrast media amplification factor (), the
window width (w), and a set of estimated pixels (X).

At 514, CNR enhanced image data is generated based on
the original image data and the visual error. In the illustrated
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example, the contrast enhanced image data is generated
through summing or adding the original image data and the
visual error.

It is to be appreciated that the ordering of the above acts is
not limiting. As such, other orderings are contemplated
herein. In addition, one or more acts may be omitted and/or
one or more additional acts may be included.

The above may be implemented by way of computer read-
able instructions, which when executed by a computer pro-
cessor(s), cause the processor(s) to carry out the described
acts. In such a case, the instructions are stored in a computer
readable storage medium associated with or otherwise acces-
sible to the relevant computer. The acts need not be performed
concurrently with data acquisition.

It is to be appreciated that the low contrast approximator
208 can also be used as a general noise edge preserving
removal algorithm. That is, the approximator 208 can be by
itself as a very effective and accurate noise removal algorithm
as, for example, it has very favorable capability of preserving
very accurately the low contrast structures, i.e., preserving the
HU/intensity of low contrast regions.

The invention has been described herein with reference to
the various embodiments. Modifications and alterations may
occur to others upon reading the description herein. It is
intended that the invention be construed as including all such
modifications and alterations insofar as they come within the
scope of the appended claims or the equivalents thereof.

What is claimed is:

1. A method, comprising:

enhancing a contrast to noise ratio (CNR) of image data,

generating CNR enhanced image data, wherein the CNR

enhanced image data has a substantially same image

quality as the image data, the enhancing including:

determining a piece wise approximation of the image
data;

determining a bone mask based on the image data:

determining a contrast media map based on the piece
wise approximation and the bone mask:

determining an enhanced contrast media map based on
the contrast media map and one or more parameters;

determining data complementary to the piece wise
approximation of the image data based on the image
data and the piece wise approximation; and

determining the CNR enhanced image data based on the
enhanced contrast media map and the data comple-
mentary to the piece wise approximation.

2. The method of claim 1, wherein enhancing the CNR
does not increase a noise level of the image data, a noise
power spectrum of the image data, and a spatial resolution of
the image data.

3. The method of claim 1, wherein the image data corre-
sponds to a contrast enhanced imaging procedure in which a
volume of contrast media is reduced from a predetermined
prescribed volume of contrast media, and the enhancing of
the CNR of the image data compensates for the reduced
volume of contrast media such that the image quality of the
CNR enhanced image data is substantially the same as an
image quality of for the predetermined prescribed volume of
contrast media.

4. The method of claim 3, wherein an amount of the reduc-
tion of the volume of contrast media is based on an input
indicative of a user volume of interest.

5. The method of claim 1, wherein the image data corre-
sponds to a contrast enhanced imaging procedure in which
contrast media timing is missed, and the enhancing of the
CNR of the image data compensates for reduced volume of
contrast media such that the image quality of the CNR
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enhanced image data is substantially the same as an image
quality of not missing the contrast media timing.

6. The method of claim 1, wherein the image data corre-
sponds to a contrast enhanced imaging procedure in which
CNR of soft tissue is enhanced to differentiate between soft
tissue having similar contrast characteristics.

7. The method of claim 1, wherein the image data corre-
sponds to a contrast enhanced imaging procedure in which
CNR ofbrain tissue is enhanced to differentiate between gray
and white matter.

8. The method of claim 1, wherein an amount of the reduc-
tion of the volume of contrast media is selectively varied until
a visualization of interest is obtained.

9. The method of claim 1, determining the piece wise
approximation, comprising:

estimating a noise model based of the image data;

determining a local structure estimate based on the noise

model; and

determining the piece wise approximation based on the

local structure estimate and the noise model.

10. The method of claim 9, determining the piece wise
approximation based on the local structure estimate and a new
noise model generated based on the local structure estimate.

11. The method of claim 1, wherein the one or more param-
eters include at least one of an enhancement multiplier
parameter, a range width of the enhancement parameter, and
a decreasing enhancement parameter.

12. The method of claim 1, wherein the one or more param-
eters are user configurable.

13. The method of claim 1, determining the CNR enhanced
image data, comprising:

summing the data complementary to the piece wise

approximation and the enhanced contrast media map.

14. The method of claim 1, determining the data comple-
mentary to the piece wise approximation, comprising:

subtracting the piece wise approximation from the image

data.

15. A method, comprising:

enhancing the CNR, comprising:

enhancing a contrast to noise ratio (CNR) of image data,

generating CNR enhanced image data, wherein the

CNR enhanced image data has a substantially same

image quality as the image data, the enhancing includ-

ing;

determining a piece wise approximation of the image
data:

determining data complementary to the piece wise
approximation based on the image data and the
piece wise approximation;

decreasing contrast media pixel values of the piece
wise approximation toward a reference soft tissue
value;

determining non-contrast image data based on the
complementary data and the decreased contrast
media pixel data;

determining a contrast media map based on the esti-
mated non-contrast image data and the original
image data;

determining a visual error based on the contrast media
map and various parameters; and

determining the CNR enhanced image data based on
the visual error and image date.

16. The method of claim 15, determining the non-contrast
image data, comprising:

summing the complementary data and the decreased con-

trast media pixel data.



US 9,159,124 B2

11

17. The method of claim 15, determining the contrast
media map, comprising:

subtracting the estimated non-contrast image data from the
image data.

18. The method of claim 15, wherein the various param-
eters include one or more of contrast media amplification
factor, a window width, and a set of estimated pixels.

19. The method of claim 15, wherein at least one of the
various parameters is user configurable.

20. A computing system, comprising:

a computer readable storage medium encoded with com-
puter readable instructions for enhancing a contrast to
noise ratio (CNR) of image data; and

one or more processors, which, when executing the com-
puter readable instructions, causes the computing sys-
tem to enhance the CNR of the image data by determin-
ing a piece wise approximation of the image data, data
complementary to the piece wise approximation of the
image data, a bone mask based on the image data, a
contrast media map based on the piece wise approxima-
tion of the image data and the bone mask, an enhanced
contrast media map based on the contrast media map,
and the CNR enhanced data based on the data comple-
mentary to the piece wise approximation and the
enhanced contrast media map.
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21. The system of claim 20, wherein the instructions have »s

high sensitivity to low contrast structures, preserving Houn-
sfield Unit per intensity values of low contrast regions.
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22. The system of claim 20, wherein the instructions
enhance CNR while preserving overall image quality.

23. The system of claim 20, wherein the one or more
parameters are user selectable, and a change in at least one of
the parameters via a user results in a real-time update of the
CNR enhancement of the image data.

24. The system of claim 20, the one or more processors
enhance the CNR by:

decreasing contrast media pixel values of the piece wise

approximation of the image data toward a reference soft
tissue value;

determining non-contrast image data based on the data

complementary to the piece wise approximation of the
image data and the decreased contrast media pixel data;
determining the contrast media map based on the estimated
non-contrast image data and the original image data;
determining a visual error based on the contrast media map
and various parameters; and

determining the CNR enhanced image data based on the

visual error and image data.

25. The system of claim 20, wherein the one or more
processors simulate a partial volume effect over the enhanced
regions by applying a low pass filter over the enhancement
map.



